Abstract: Background: Existing literature has shown that patients with coronary artery disease (CAD) can benefit greatly from the strength training; therefore, the strength training should play a more important role in cardiac rehabilitation. However, the medical community may still have conservation to apply the strength training owing to no comprehensive study so far to compare the effectiveness of the strength training to the other trainings, such as aerobic training. Objective: To evaluate the effect of strength training on motor function in patients with CAD. Methods: Published articles from the earliest date available to July 2015 were identified using electronic searches. Two reviewers selected independently relevant randomized controlled trials (RCTs) investigating exercise program with strength training versus control interventions (exercise without strength training, including aerobic training and no exercise group) for the treatment of CAD patients. We examined effects of exercise with strength training versus control interventions on peak oxygen uptake (VO 2peak ), duration of exercise test and muscle strength. Two reviewers extracted data independently. Results: Twenty seven trials that represented 1151 participants passed the selection criteria and were evaluated for the effects of strength training in CAD patients. For improving VO 2peak [SMD (95%CI) = 0.58 (0.11, 1.06)] and muscle strength [upper limb, SMD (95% CI) =0.44 (0.34, 0.55); lower limb, SMD (95% CI) =0.33 (0.16, 0.50)], exercise program with strength training were significantly more effective than one without it. But there is no significantly difference on duration of exercise test [SMD (95%CI) = 0.17 (-0.04, 0.39)] in strength training group than in control group. Conclusions: We conclude strength training is effective in improving muscle strength and VO 2peak , in CAD patients, when compared to patients with control group. Furthermore, our evaluations suggest that strength training does not compromise clinical trial completion or safety.
Introduction
Coronary artery disease (CAD) is the most common form of heart disease and the leading cause of mortality, with more than 7.2 million deaths worldwide each year [1] . The economic burden of CAD is substantial, including direct costs (primary care, inpatient care, outpatient care, medications care, cost of accident and emergency) and indirect costs (loss in productivity) [1, 2] . It is estimated that CAD cost more than €49 billion in the European Union in 2003 [2] . The largest component of total expenditures on cardiovascular disease is direct health care cost (51%), followed by productivity losses (34%) and informal care (18%) [2] . CAD caused the loss of approximately 62.6 million DALYs (disability-adjusted life years) globally and was the second highest cause of burden of disease in highest and middle income countries [1] .
Currently, cardiac rehabilitation has become one of the center pieces of comprehensive cardiovascular care programs. The efficacy of cardiac rehabilitation programs, particularly exercise-based cardiac rehabilitation for the secondary prevention of CAD, has been clearly demonstrated [3] . WHO's Prevention of Cardio-vascular Disease guidelines also recommend "regular light to moderate intensity physical exercise" to all patients recovering from major CAD events (Ia A) [4] . Aerobic exercise prescription plays a dominant role in exercise-based cardiac rehabilitation program due to functional improvement-specific effectiveness and reduction of controllable risk factors of CAD [4] [5] [6] . Additionally, patients with CAD may also benefit from strength training which has not received adequate emphasis in some guidelines [4, 7] . Strength training has beneficial effects on muscular strength and endurance, cardiovascular function, metabolism, lowering CAD risk factors, psychosocial well-being and improving quality of life [8, 9] . However, the practice of strength training was constrained previously by concerns of resistance traininginduced blood pressure elevation, an incident with potential increased risk of cardiovascular complications [9, 10] . Meanwhile, other studies suggest that it is unnecessary to worry about the induced blood pressure elevation in all cases when the training is appropriately prescribed and supervised [9, 10] .
Several systematic reviews, including metaanalyses, have examined the efficacy of different exercise-based cardiac rehabilitation modalities for CAD [5, 10, 11] . Most of these reviews focused primarily on aerobic training modality. One meta-analysis published in 2012 (inclusion studies were published before October 2009) paid attention to a combination of aerobic and resistance training in individuals with CAD [6] . There was no review focused on resistance training modality for CAD. Since the publication of these reviews, more new trials have been conducted [12] [13] [14] [15] . The purposes of this review were (1) to evaluate the effect of strength training on motor function in patients with CAD, (2) to observe whether using strength training in CAD patients is dangerous, (3) to make some improvements in the methodology by rating the quality of evidence according to the approach of the GRADE working group [16] [17] [18] [19] [20] . Compared with some published reviews [3, 5-7, 10, 11] , we have paid more attention to strength training itself. And to our knowledge no review has yet used the approach of the GRADE working group to rate the quality of evidence in this field.
Methods

Search strategy
The electronic databases used for searching randomized controlled trials (RCTs) from the earliest date available until July 2015 included Cochrane Controlled Trials Register (CENTRAL), PubMed, MEDLINE, EMBASE, ISI Web of Science, China Biology Medicine disc, China National Knowledge Infrastructure, VIP Database for Chinese Technical Periodical and Wanfang Data. Relevant review articles and the reference lists of selected articles were examined for further studies.
Details of the search strategy used in the CENTRAL are presented in Appendix I. Briefly, search terms included coronary artery disease, coronary heart disease, coronary disease, coronary thrombosis, heart infarction, ischemia heart, myocardial infarction, myocardial ischemia, angina, coronary artery bypass graft, coronary angioplasty, coronary bypass, myocardial revascularization, strength training, power training, weight training, circuit training, resistance training. No language restrictions were applied.
Inclusion criteria
Types of studies: Only the RCTs that examined the effects of exercise programs with strength training versus control interventions on motor function in patients with CAD were included. Grouping situation include (1) Combined training group (CTG, strength training combined with aerobic training) versus Aerobic training group (ATG), (2) Strength training group (STG) versus No training group (NTG), and (3) Strength training group versus Aerobic training group. There was no date restrictions for publication searched. Only studies written in English and Chinese language were included in the analysis.
Types of participants:
Both female and male subjects of all ages with CAD (MI, CABG, PTCA, PCI, or CAD defined by angiography) have been included. The papers that included participants with heart valve disease, heart failure, heart transplants or implant surgeries were excluded.
Types of interventions:
We included the papers in which muscle strength training was compared with aerobic training or conventional therapies without exercise training. Strength trainings were usually performed using resistance machines, weights, dumbbells and rubber bands. Aerobic trainings usually included walking and/or jogging with/without treadmill; exercise using cycle ergometers, arm ergometers, dual-action cycles (both the arms and legs simultaneously), rowers, stair steppers, volleyball, or exercises according to a cardiac rehabilitation program. All groups received conventional therapies.
Types of outcome measures:
The primary outcomes of interest were exercise capacity, including VO 2peak , duration of exercise testing and muscle strength. The secondary outcomes, were body composition, including body weight, body mass index (BMI) and safety measured by adverse events and withdrawals, were also paid attention.
Study selection
Two independent reviewers (Yang and Guo) used a pre-specified criteria to search titles, abstracts and full papers of clinical trials electronically. An article would be excluded if it was determined not to meet the inclusion criteria. Disputes on eligibility of inclusion were settled down first by discussion only if no further controversial, or second, if necessary, by a third reviewer (He) to arbitrate the final decision. Only studies that were considered eligible were included in the meta-analysis.
Data extraction
Data from included studies was extracted by two reviewers (Yang and Guo) separately, and then were compiled together into a standard table. In case of any discrepancies between the first two reviewers, the third reviewer (Wang) was used to serve as a verifier and arbitrator. The following information was extracted from the included articles, such as subject information, exercise prescription of intervention and control groups, as well as outcome measures.
Risk of bias assessment
Two reviewers (Yue and Guo) independently assessed the potential risk of bias for all included studies, which were categorized as "low", "unclear", or "high" according to the Cochrane Collaboration recommendations [21] . The following information was evaluated, including random sequence generation, allocation concealment, blinding of participants, personnel and outcome assessment, incomplete outcome data and selective outcome reporting [21] . A third reviewer (Zhu) served as a verifier and arbiter if any disagreements occurred.
Rating the quality of evidence
All three reviewers who evaluated, verified and arbitrated the risk of bias also rated the quality of evidence according to the approach of the GRADE working group [16] [17] [18] [19] [20] . The quality of evidence and outcomes across studies were rated as (1) high: further research was very unlikely to change our confidence in estimation of the effect; (2) moderate: further research was likely to have an important impact on our confidence in estimation of the effect and might change the estimation; (3) low: further research was very likely to have an important impact on our confidence in estimation of the effect and was likely to change the estimation and (4) very low: any estimation of the effect was very uncertain [16, 17, 19, 20, 22] . Factors that might affect the quality of evidence included (1) limitations in study design or implementation; (2) incoherence of results; (3) indirectness of evidence; (4) imprecision and (5) publication bias [16] [17] [18] [19] [20] .
Statistical analysis
Review Manager Software (RevMan5.2) was used for meta-analysis, while Grade profiler 3.6 software was used for the rating the quality of evidence.
Heterogeneity among the studies was evaluated by chi-square test and I square statistic. If significant heterogeneity (P-value > 0.10, I square < 50%) was associated with an effect estimate, a random effect model would be applied. Otherwise, a fixed effect model was applied. If heterogeneity existed among the studies, a sensitivity analysis was conducted. Since all of the variables in the studies included in this meta-analysis were continuous, therefore, the mean difference (MD) and 95% confidence interval (CI) were used to analyze the studies. P value < 0.05 was considered to be statistically significant. Systematic review registration: http://www.crd. york.ac.uk/PROSPERO. PROSPERO registration number: CRD42014012848. Figure 1 shows the process of identifying and selecting eligible studies.Initial screening located 309 publications; from which, forty one were potentially eligible based on their titles and abstracts. After a careful full text assessment of these potentially eligible studies, 14 studies were removed due to inappropriate intervention, non-RCTs, and lack of original data from the authors. As a result, 27 RCTs [12] [13] [14] [15] were included for final analysis ( Table 1) .
Results
Study selection
Study characteristics
Methods and participants: The characteristics of the included studies and patients are presented in Table 1 . This systematic review identified 27 studies with 1151 randomized patients. Exercise duration of patient interventions varied from 4 to 48 weeks. In twelve studies [12, [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] , only males were recruited, while in per week, at an intensity of 40-95% of peak heart rate. The duration of the exercise interventions ranged from 4 to 48 weeks. All patients received conventional therapy, including medication, education and advice about diet and exercise.
Risk of bias in included studies
The risk of bias for all included studies was assessed using the Cochrane Collaboration recommendations (Figures 2 and 3) . The evidences of risk of bias involved in this metaanalysis had either a high overall risk or uncertain; only three studies [14, 34, 35] scored the greatest for higher quality compared to the others. All published studies claimed to employ the "randomization method" for trials; however, the exact methods for randomization were not clearly addressed. Among all 27 studies, only 4 studies [14, 29, 34, 35] described appropriate details of random sequence generation, and 2 studies 26, 29 revealed appropriate concealment of allocation. Due to difficulty of blindness for patients and clinicians to the chosen regimen, the rehabilitation trials were blinded to clinicians in 2 studies [34, 36] . The outcome another six studies [25, [29] [30] [31] [32] 35] only females were involved.
Interventions and outcomes:
A strength training program was reported in all 27 recruited studies. Analyses of the studies based on chronological order revealed that resistance training involved in strength training programs were employed in the most current studies; furthermore, most of the strength training were designed on the basis of aerobic training. In addition, most of the resistance training programs were set up to be three sessions per week, incorporating six exercises and two sets per, Each set consisted of 10 to 12 repetitions corresponding to a load of 60 to 80% one RM. The aerobic training program was set up to be 20-120 minutes for each session, 2-6 times assessors were blinded in 3 trials [14, 35, 37] . Two studies [27, 33] reported incomplete data, in which the selective outcome reporting were at a low risk of bias.
The quality of evidence
Overall level of evidence was classified as low (duration of exercise test, upper limb strength, lower limb strength) or very low (VO 2peak ) as a result assessed by the GRADE approach ( Table  2) .
Effects of strength training
Peak oxygen uptake (VO 2peak ): Fourteen studies that included 731 randomized patients reported peak oxygen uptake ( Table 3) .
Lower limb strength:
Twelve studies that included 454 randomized patients reported lower Table 3) .
Adverse events and withdrawals (safety)
We found that only few studies (n = 6) reported the cardiovascular adverse events which occurred more frequently during aerobic train- ing than during strength training. Reported cardiovascular adverse events associated with training were observed in 52 cases amongst 1151 participants. Four out of 52 cases (arrhythmia, n = 1; recurrence of coronary heart disease, n = 2; precordial pain, n = 1) occurred in the strength raining group, while all others happened in the aerobic training group. Except for these 52 cases, some other withdrawals occurred due to patients' personal reasons or health issues but not related to cardiovascular problems.
Discussion
The primary findings of this review indicate that the strength training can improve motor function among individuals with CAD. Collectively, the evidences suggest that strength training groups have a more effective improvement on motor function (upper and lower limb strength and aerobic performance capacity) than that in control groups. There is also a tendency that the strength training groups have a greater favorable change in VO 2peak and endurance as measured by duration of exercise testing then the control groups have. In addition, it is suggested that well implemented and careful monitored strength training is safe for patients with CAD in receiving cardiac rehabilitation. In this review, we found that cardiovascular adverse events occurred more frequently during aerobic training than during strength training.
We assessed the potential risk of bias for each study using the Cochrane Collaboration recommendations and rated the quality of evidence using the approach of the GRADE working group. To our knowledge no review has yet used the approach of the GRADE working group to rate the quality of evidence in this field. However, most of the included studies had a high risk of bias, and all three measured outcomes were assessed as a low or very low level of evidence. The main reason for a low quality outcome was that the generation of the random sequence and allocation concealment description was not clear. It was our understanding that it was difficult to blind patients and clinicians to the chosen regimen. The confidence interval of included studies was found to be different, which could be due to the results of included studies being heterogeneous, or that included studies may be limited by publication bias. Only fewer cardiovascular adverse events were reported by included studies.
Previous studies have revealed that strength training could reverse multiple risk factors for CAD, lead to improvements in patient survival and play a more important role in secondary prevention of heart disease [6, 9, 10, 38] . Although the efficiency of improving aerobic ability and decreasing risk factors may not be as favorable as those during aerobic training, strength training can still enhance muscle strength and endurance of CAD patients, which is extremely important in day-to-day activities and safety [9, 10] .
This review has several strengths. First, in order to ensure the quantity and quality of the included articles, we performed a comprehensive search from multiple databases to identify and select eligible trials; secondly, for the purpose of maximal reducing potential bias in this review, two independent reviewers were recruited to examine the obtained records and extracted data, assess the methodological quality of each trial and rate the quality of evidences; thirdly, a third reviewer was also included to play a role as a verifier and arbiter if any discrepancies occurred.
This meta-analysis has several practical implications; for example, the results suggest that strength training alone, can be effective in improving exercise capacity, such as VO 2peak , duration of exercise testing and muscle strength for patients with CAD. Combined strength training with aerobic training is more effective than aerobic training alone in enhancing aerobic capacity and muscle strength in patients with CAD. Meanwhile, the findings of this review also demonstrate that strength training would not have more risk of cardiovascular complications than aerobic training alone would if strength training is implemented and monitored appropriately. Therefore, combined strength training could be recommended to therapists when training patients, rather than aerobic training only. However, it should be noted that due to low quality data, further studies with rigorous design methodology and larger sample size are warranted to elucidate these results.
There were different strength training programs from different studies in this review. Those strength training programs varied in the quantity and mode of training movements, muscles involved in the movements and details of exercise prescription (such as training intensity, sets, frequency, manner, subsequence, rest period, speed of muscle contraction and training volume, etc.). Five of the most commonlyused strength training actions are chest press, elbow extension, elbow flexion, leg extension, leg flexion. However, further research is required to standardize the strength training program, so that it may achieve the most optimized and maximized therapeutic effect.
Limitation of the study
There were also several limitations in this metaanalysis that is worthy to be addressed. First of all, just like the other systematic reviews, the findings of this meta-analysis were based on relatively low quality data mainly that might yield high risk of bias. Although several articles [13-17, 19, 39] included in this meta-analysis were published within the last five years, articles with rigorous methodological design were still deficient. Secondly, the overall level of evidence was classified as low or very low assessed by the GRADE approach for the reason we mentioned above. Thirdly, although there was no language restriction for searching articles, only English and Chinese literatures were included owing to the limitation of authors' language capacity.
In conclusion, the strength training is effective in improving muscle strength and VO 2peak in patients with CAD in comparison to the patients in control group. Further more, our evaluations suggest that strength training does not compromise clinical trial completion or safety.
